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Cytochronre P450 transducing retroviral vectors 

The present invention relates to replication-defective retroviral vectors encoding a ciiytochrome 
P450 gene which are capable of convening harmless cancer prodr^jgs into cytotoxic metabolites. 
Funher. the present invention relates to the use of such retroviral vectors for the preparation of 
medicaments for the treatment of various cancers , or ablation of tumours. 

Background of the Invention 

The anti-cancer drugs used to treat tumours are in most cases applied systemically and spread 
through the whole body of the patient. The high systemic dose of such drugs required for cancer 
treatment is combined with unpleasant side-effects for the patient. 

In an anempt to circumvent this problem, cancer-prodmgs that have to be metabolised or activated 
in the body before they become cytotoxic have been used. Unfonunately, human tumours that 
contain appropriate high levels of the activating enzymes are rare. The main site for activation of 
prodrugs is the liver and to ensure that a tumour, at a distant site, receives a sufficient dose of the 
activated dmg. the amount of activated prodmg produced in the liver has to be quite high and 
again this leads to toxic side effects for the patient. 

One strategy by which these problems of high systemic concentration of activated drugs could be 
circumvented would be to provide means for activation of the prodnig directly in or near the site of 
the tumour. Tnis strategy would require that tumour ceils, or cells at the site of a tumour are 
genetically transformed to produce high amounts of the enzymes required for metabolising the 
cancer prodrugs. Retroviral vectors are ideally suited for the stable delivery of genes to cells since 
the retrovirus is able to integrate the DNA form of its genome into the genome 6f the host cell and 
thus all daughter ceils of an infected cell will carry the retroviral vector carrying the therapeutic 
gene. .A further advamage is that most retroviruses only infect dividing ceils and they are therefore 
ideal gene delivery vehicles for tumour cells. 

A variety of cytotoxic genes carried by retroviral vectors have already been tested. Tnese genes 
encode enzymes which convert substances that are pharmacodynamically and toxicoiogically inen 
even at high dose-ieveis but which can be convened m v,vo lo highly active metabolites (Connors. 
T. .A. (1995). Gene Therapy 2: 702-709). 
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In cancer chemotherapy appropriatety designed prodrugs have been found to be effective in the 
treatment of animal tumors possessing high levels of an activating enzyme ( Connors, T. and 
Whisson, M. (1966\ Nature 210: 866 867 and Cobb, L. et al (1969), Biochemical Pharmacology 
18: 1519-1527). Clinical results were, however, disappointing since it was found that human 
cancers that contained appropriately high levels of activating enzymes were rare (Connors, T. 
(1986), Xenobiotica 16: 975-988). Virally directed enzyme prodrug therapy (VDEPT) and the 
more general gene directed enzyme prodrug therapy (GDEPT) are related in that they also aim to 
destroy tumour ceils by the tumour specific activation of a prodrug. However, in this case, the 
gene encoding the enzyme is either specifically targeted to malignant cells or is under the control 
of a specific promoter 

Up to now most of the effons directed towards prodrug therapy have concentrated on the use of 
the human Herpes Simplex Virus thymidine kinase (KSV-tk) as a suicide gene. Although the HSV- 
tk enzyme in combination with the prodrug ganciclovir (GCV) has been recommended as a good 
system for GDEPT (Culver, K. et aL. (1992), Science 256: 1550-1552, Ram, Z. et aL. (1993), 
Cancer Research 53: 83-88 and Chen, S.. Shine, H. et al., (199^), Proc. Natl. .^cad. Sci. 91: 305^- 
3057) there are a number of theoretical considerations that would suggest that it is by no means the 
best combination. First, it is an S-phase specitlc agent with no effect on resting cells. This is 
because the GCV monophosphate is short lived and has to be present when cells are entering the 
S-phase to give a toxic effect. Tne HSV-tk phosphor>'iates GCV to the monophosphate form (a 
reaction that cannot be penormed by mammalian enzymes) which is then phosphorylated by 
cellular enzymes to the triphosphate form and incorporated into DNA. Second, the active drug is a 
triphosphate and would not be expected to diffuse freely to cause a bystander effec:. However a 
bystander effect has been observed both in vitro and in vivo although metabolic cooperation 
appears to be involved and in the latter case some of the effect may be an indirect one involving an 
immune component ( Bi, W. , Parysek, L. et al., (1993). Human Gene Therapy 4: 725-73 U Vile, R. 
and Han. I. (1993), Cancer Research 53: 3860-3864 and Freeman, S., Abboud. C. et al.. (1993). 
Cancer Research 53: 5274-5283), One disadvantage is that the bystander effect is dependent on a 
cell-ceil contact. Tnis may be due :o the presence of gap-junctions formed by intimate contact 
between the transduced and the surrounding ceils which enable the transfer of phosphoryiated 
ganciclovir. 

Recently, interesting results have been reponed with cells chat have been transfected with the gene 
encoding the rat cytochrome 9^50 form 231 and then created with cyclophosphamide ( Chen. S.. 
Shine. H et al.. (1994). proc. Natl. .Acad. Sci. 91: 3054-3057^ 
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Objects of the Invention 

It is an object of the present invention to provide novel replication-defective retroviral vectors 
carrying a gene encoding chytochrome P450 under transcriptional control of a target cell specific (^^ 
regulatory element or promoter, or an X-ray inducible promoter, which can be transfected into a 
oackaging cell lines for the producing recombinant retroviral panicles useful for gene therapy of j 
various cancers. 

Summary of the Invention 

The present invention then, inter alia, comprises the following, alone or in combination: 

A replication-defective retroviral vector carrying a cytochrome P450 gene under transcriptional 
control of a target cell specirlc regulatory element or promoter, or an X-ray inducible promoter; 

a replication-defective retroviral vector as above, wherein the vector comprises a 5' LTR region of 
the strucmre U3-R-U5; one or more sequences selected from coding and non-coding sequences; 
and a 3* LTR region comprising a completely or panialiy deleted U3 region wherein said deleted 
U3 region is replaced by a polylinker sequence containing a targe: ceil specific regulatory element 
or promoter, or an X-ray inducible promoter, followed by the R and U5 region, characterized in 
that at least one of the coding sequences codes for cytochrome P450; 

a replication-defective retroviral vector as above, wherein the target cell specific regulatory 
element or promoter is selected from one or more elements of the group consisting of WAP, 
MMTV\ b-lactoglobulin and casein specific regulatory elements and promoters, pancreas specific 
regulatory elements and promoters including carbonic anhydrase II and b-glucokinase reguiatopv' 
elements and promoters, lymphocyte specific regulatory elements and promoters including 
immunoglobulin and MMTV lymphocytic specific regulator/ elements and promoters and MNfTv 
specific regulatory elements and promoters conferring resoonslveness lo glucocoracoid hormones 
or directing expression to the mammary gland; 

a replication-defective retroviral vector as above, wherein said LTR regions are selected from at 
least one eiement of the group consisting of LTR's of MLV, MMTV'. MSV, SIV, HTV. HTLV. 
FIV. FeLV. 3LV and MPMV; 
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a repiicanon-defective retroviral vector as above, wherein said retroviral vector is based on a BAG 
vector, or a pLXSN vector; 

a replication-defective retroviral vector as above, wherein said retroviral vector is pLXZBl 
prepared as described in example 1 ; 

a replication-defective retroviral vector as above, wherein said retroviral vector is pc3/2B 1 
prepared as described in example 2; 

a replication-defective retroviral vector as above, wherein the retroviral sequences involved in 
integration of the retrovirus are altered or at least panially deleted; 

a replication-defective retroviral vector as above, wherein said regulatory elements or oromoters 
are reguiatable by transacting molecules; 

a packaging cell line transfected with a replication-defective retroviral vector as above; said 
packaging cell line harbouring at least one retroviral or recombinant retroviral construct coding for 
the proteins required for said retroviral vector to be packaeed; 

a packaging cell line as above wherein the packaging cell line is of rodent, canine, feline or human 
origin, and is histocompatible with human tissue; 

a packaging ceil line as above, wherein the packaging ceil line is selected from the group 
consisting of psi-2, psi-Crypt. psi-.>\M. GP+E-86, PA317 and GP+envAM-12; 

a recombinant retroviral panicie produced by cuituring a packaging ceil line as any above under 
suitable conditions optionally followed by isolation of the recombinant retroviral panicle 
produced; 

a pharmaceuucal composition comprising a recombinant retroviral panicie as above, or a 
packaging cell line as above: 

a packaging cell line as above encapsulated in a porous membrane which is permeable to the 
recombinant retroviral panicies produced by said packaeine ceil line: 
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a packaging cell line as above which is encapsulated in a complex formed from cellulose sulphate 
and polydimethyldiallylammonium; 

a method for the ablation of tumour ceils composing administering to a subject in need thereof, a 
therapeutically effective amount of a recombinant retroviral panicle as above, a packaging cell line 
as above, or an encapsulated packaging cell line as above and. either simultaneously or with a time 
span, a cancer prodrug which can be activated by cytochrome P450. 

a method as above wherein the tumour cells are cells of a breast tumour., or a pancreatic tumour; ■ 

a method as above wherein the recombinant retroviral panicle, the packaging cell line, or the 
encapsulated packaging cell line is administered by injection, or by implantation into the tumour, 
or the site of the tumour: 

the use of a recombinant retroviral particle as above, a packaging cell line as above, or 
encapsulated packaging cell line as above for the preparation of a pharmaceutical composition 
useful for the ablation of tumour ceils: 

a retroviral provims integrated in the human genome carT>-ing a cytochrome P450 gene under 
transcriptional conu-ol of a target cell specirlc regulatory element or promoter, or an X-ray 
inducible promoter: and 

a human ceil containing a cytochrome P450 gene under transcriptional control of a target cell 
specific regulatory element or promoter, or an X-ray inducible promoter. 

Detailed description of the Invention 

Cytochrome P450's form a broad group of mono-oxygenases that catalyze oxidation of a wide 
range of substrates. Tney are produced by some bacteria, yeasts, and by higher organisms, where 
they piay a role in detoxification of xenobioiics. bioactivation reactions, and metabolism of 
various endogenous compounds. 

Cytochrome P450 catalyses the hydroxylaiion of the commonly used cancer prodnigs 
cyclophosphamide CCP.^) and ifosfamide to their active toxic forms. .Normallv the exoress.on of 
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the panent's endogenous cytochrorffe P450 gene is i.mued to the liver, and anti-tumor effects of 
systemically applied CPAs depend upon the subsequent systemic distribuuon of coxic drug 
metabolites from the liver. This has led to toxicity problems since the activated druz not onlv 
affects the tumor but also affects other normal patient tissues such as bone marrow and Ic.dney. 

A therapeutic approach, where the cytochrome P450 gene is selectively introduced directly into 
tumour cells, and overexpressed in these cells, would circumvent this problem. Toxic metabolites 
produced from the transduced tumour ceils affect surrounding non-transduced tumor cells in a 
concentration gradient dependent manner. An additional advantage of the cytochrome P-450/CPA 
system is the lack of dependency upon cell replication for cytotoxic effects on the surrounding 
cells, -nils is because one of the active metabolites generated causes interstrand crosslinks 
regardless of the cell cycle phase. Later on. during DNa synthesis, these interstrand crosslinks 
result in cell death. 



Retroviral vectors are the most commonly used gene transfer vehicles for the clinical tnais that 
have been undenaken to date. Most of these trials have, however, taken an ex wVo approach where 
the patient's ceils have been isolated, moditled in culture and then reintroduced into the patient. 

For the treatment of cancers, it would be feasible to isolate cells from a patient (either tumour cells 
or normal cells) infect them in vitro with a recombinant retroviral panicle carrying the a gene 
encoding cytochrome P450, and then return them to the patient in the vicinity of the cumo'r. Tnis 
approach, however, is extremely labour intensive because each patient cells must be isolated, 
cultured, transduced with the gene construct and successfully returned without infection by 
adventitious agents. The cost and time involved ,n such an approach limits its practical usefulness. 

Alternatively an allogenic approach could be envisaged, where one type of cells are infected with a 
recombinant retroviral panicle carrying a gene encoding P450. and then used for therapy of many 
different patients. Such an approach is much more feasible, assuming that problems of immune 
rejection can be overcome. Most tumours, however, are not suitable for ex wvo gene therapy. 

Ideally, the gene encoding cytochrome P450 should be introduced in vr.-o into the tumour ceils, or 
into ceils in the vicinity of the tumour. 

The delivery of genes in vi^o introduces a vanety of new problems. First of all. and above ail. 
safety considerations have to be addressed. 
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A major concern for eventual in vivo gene therapy, both from a safety stand point and from a 
purely practical stand point, is the targeting of the expression. It is clear chat therapeutic genes 
. carried by vectors should not be indiscriminately expressed in ail tissues and ceils, but rather only 
in the requisite target cell. This is especially imponant when the genes to be transferred are such 
prodnig activating genes designed to ablate specirlc tumour cells. Ablation of other, non-target 
cells would obviously be very undesirable. 

The essentially random integration of the provirai form of the retroviral genome into the genome 
of infected cells has posed a serious ethical problem because such random integration may lead to 
activation of proto-oncogenes and thus lead to the development of a new cancer. Most researchers 
would agree that the probability of a replication defective retrovirus, such as all those currently 
used, integrating into or near a cellular gene involving in controlling cell proliferation is 
vanishingiy smalL However, it is generally also assumed that the explosive expansion of a 
population of replication competent retroviruses from a single infection event, will eventually 
provide enough integration events to make such a phenotypic integration a very reai possibility. 

Reu-ovirai vector systems are optimized to minimize the chance of replication competent virus 
being present. It has however, been well documented that recombination events between ' 
components of the retroviral vector system can lead to the generation of potentially pathogenic 
replication competent virus and a number of generations of vector systems have been constmcted 
to minimize this risk of recombination (Salmons. B. and Giinzburg, W. H. (1993), Human Gene 
Tnerapy 4(2): 129-41. 

Retroviral vector systems consist of two components: 

1) Tne retroviral vector itself is a modified retrovirus (vector plasmid) in which the genes 
encodmg for the viral proteins have been replaced by therapeutic genes. Since the replacement of 
the genes encoding for the virai protems effectively crippies the virus it must be rescued by the 
second component in the system which provides the missing viral proteins to the modirled 
retrovirus. 



The second component is: 
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2) A ceil line chai produces large quaniities of the viral proteins, however lacks the ability to 
produce replication competent virus. Tnis cell line is known as the packaging ceil line and consists 
of a ceil line transfected with one or nnore piasmids carrying the genes enabling the modified 
retroviral vector to be packaged. 



To generate a recombinant retroviral panicle, the retroviral vector is transfected into the packaging 
cell line. Under these conditions the modified retroviral genome including the inserted therapeutic 
gene is transcribed from the retroviral vector and packaged into the modified retroviral particles. 
These recombinant retroviral panicles is then used to infect tumour cells during which the vector 
genome and any cytotoxic gene becomes integrated into the target celTs DNA. A cell infected with" 
such a recombinant viral panicle cannot produce new vector virus since no viral proteins are 
present in these cells but the DNA of the vector carrying the therapeutic is integrated in the celFs 
DNA and can now be expressed in the infected cell. 

A number of retroviral vector systems have been previously described that should allow targeting 
of the carried cytotoxic genes (Salmons, B. and Giinzburg, W.H. (1993), Human Gene Tnerapy 
4(2): 129-41). Most of these approaches involve either limiting the infection event to predefined 
cell types or using heterologous promoters to direct expression of linked heterologous therapeutic 
genes to specific tumor ceil types. Heterologous promoters are used which should drive expression 
of linked genes only in the cell type in which this promoter is normally active or/and additionally 
controllable. These promoters have previously been insened, in combination with the therapeutic 
gene, in the body of the retroviral vectors, in place of the gag. pot or env genes. 

Tne retroviral Long Terminal Repeat (LTR) flanking these genes carries the retroviral promoter, 
which is generally non-specinc in that it can drive expression in many different cell types fMaiors, 
J. (1990). in "Retroviruses - Strategies of replication (Swanstrom. R. and Vogt, P. K.. Eds.): 
Springer- Veriag, Berlin: 40-92). Promoter intenerence between the LTR promoter, and 
heterologous internal promoters, such as the tissue specific promoters, described above, has been 
reponed. Additionally, it is known that retroviral LTR's harbor strong enhancers thai can, either 
independently, or in conjunction with the retroviral promoter, influence expression of ceiluiar 
genes near the site of integration of the retrovirus. Tnis mechanism has been shown to contribute 
to tumorigenicity in animals (van Lohuizen. M. and Bems, .A. (1990), Biochim. Biophys.Acta 
1032: 213-235), These two obser\*ations have encouraged the development of Self-Inaciivating- 
Vectors (SIN) in which retroviral promoters are functionally inactivated in the target cell (WO 
94/29437). runner modirlcations of these vectors include the insenion of oromoter 2ene cassettes 
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within the LTR region to create double copy vectors (WO 39/ 1 1539). However, in both these 
vectors the heterologous promoters insened either in the body of the vector, or in the LTR region 
are directly liniced to the therapeutic gene. 

The previously described SIN vector mentioned above carrying a deleted 3 'LTR 
(WO 94/29437) utilizes in addition a heterologous promoter such as that of Cytomegalovirus 
(CMV), instead of the retroviral 5XTR promoter (U3-free 5'LTR) to drive expression of the 
vector construct in the packaging cell line. A heterologous polyadenyiation signal is also included 
in the 3 'LTR (WO 94/29437). 

The object of the present invention is the construction of a safe retroviral vector, which harbours a 
cytochrome P450 gene as a therapeutic principle. Tnis novel vector carries heterologous 
constitutive, inducible or tissue specirlc promoter and/or regulatory elements in the 3 'LTR which, 
after infection become duplicated and translocated to the 5'LTR in the target cell. Thus in the 
infected cell the introduced promoter controls the expression of the cytochrome P450 gens, which 
is insened into the body of the vector. Tnis vector does not undergo self-inactivation - but instead 
promoter exchange, giving rise to the name ProCon vector for Promoter Conversion vectors. The 
principles and advantages of the ProCon system are described in more detail in WO 96077^8. 

Sines Promoter Conversion does not result in Self-Inactivation, the retroviral vector will be 
transcnptionally active in the target ceil. Additionally both LTR's will consist to a large extent of 
heterologous promoter/enhancer sequences in the target ceil. Tnis will reduce the likelihood of the 
integrated vector in the target ceil being subject to the same inactivation over long periods as has 
been described for conventional vectors (Xu, L., Yee. J. K. et aL, (1989). Virology 171: 331-341) 
and also will reduce the chance of recombination with endogenous retroviral sequences to generate 
potentially pathogenic replication competent virus, increasing the safety of the system. 

.According to the invention the 5T-TR of the retroviral vector construct is not modified, and 
expression of the viral vector in the packaging ceils is driven by the normal retroviral L'3 
promoter. Normal retroviral polyadenyiation is allowed, and no heterologous polyadenyiation 
signals are included in the j T- I K. This is imoonant for the deveiooment of in 'jivo sene theracv 
strategies, since the normal physiological regulation of the virus, through the normal viral 
promoter, and possibly also involving the normal viral control of polyadenyiation. will orevaii over 
long periods in vivo whilst the packaging ceils are oroducing recombinant virus. 
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To achieve the foregoing and other objects, the invention provides a retroviral vector undergoing 
promoter conversion connprising a 5' LTR region of the structure U3-R-U5: one or more coding 
sequences selected from the group of genes known as cytochrome P450 genes; and a 3' LTR 
region compnsing a completely or panially deleted U3 region wherein said deleted U3 region is 
replaced by a heterologous promoter, followed by ihe R and U5 region. 

Said promoter can either be consiicutive as the Cytomegalovirus (CMV) immediate early 
promotor/enhancer, inducible such as by giucocoracoid hormones (eg the MMTV promoter) or 
target cell specific. 



Tne target cell specific regulatory elements and promoters are selected from one or more elements 
of any gene but in this embodiment may be from promoters including carbonic anhydrase 11 and G- 
giucokinase regulatory elements and promoters, lymphocyte specirlc regulatory elements and 
promoters including carbonic anhydrase II and B-glucokinase regulatory elements and promoters, 
lymphocyte specitlc regulatory elements of Whey Acidic Protein (WAP), Mouse Mammary 
Tumour Virus (MMTV), B-lactogiobulin and casein specific regulatory elements and promoters, 
pancreas specific regulatory elements and promoters including immunoglobulin and MMTV 
lymphocytic specific regulatory elements and promoters and MMTV specific regulatory elements 
and promoters conferring responsiveness to giucocomcoid hormones or directing expression to the 
mammary gland. Other promoters include for example the CD4. CD34, and IL2 promoters. Said 
regulatory elements and promoters regulate preferably the expression of said retroviral vector. 

It appears that the region of the W.AP promoter which is required for mediating the mammary 
gland specificity is a 320 bp Xhol/Xbal restriction fragment (-413 to -93) (Koib, A. F., Gunzburg, 
W. H., Albang, R., Brem, G., Enle. V., and Salmons, B. (1995), Biochem. Biophys. Res. Commun. 
217, 1045-1052). In addition certain experiments indicate that a 0.6 Kb PstI MMTV promoter 
fragment (Salmons, B., Groner, B., Calberg Baca. C. M.. and Ponta. H. (1985). Virology i^: 101- 
1 14) may piay a role in regulating the mammary giand specificuy of expression displayed by 
MMTV (Koib. .A. F., Gunzburg, W. H., Albang. R.. Brem, G.. Erfle. V., and Salmons. B. (1995), 
Biochem. Biophys. Res. Commun. 217, 1045-1052). 

The LTR regions are selected from at least one element of the group consisting of LTRs of Munne 
Leukaemia Vims (MLV), Mouse Mammary Tumour Virus (MMTV), Munne Sarcoma Virus 
(MSV). Simian immunodeficiency Virus (SW), Human immunodeficiency Virus (HR''), Human 
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T-ccJl Leukaemia Virus (HTLVl P?rr 

(SLV) and Ma3on-Pfizer-Monkey virus (MPMV). 
Tl^e retroviral vector ,s preferably based on e.ther a LXS V 

Acad.Sc.. L-SA 84:1,6-160) or a h:brid of b.h " 
Tne coding sequence of .he .herape.cc gene .av be a.y cvtoch o 
prererabiy i. . the rat cytochrome P450 for™ ,3 , der ' ^ 

n932) Proc. Natl. Acad. Sci. USA 79.T93 ' M.zu.a.i. V.. et 

In a funher embodiment of the invention , 
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retrovirus, in order to form an aqueons suspension. The formulation buffer is an aqueous solution 
that contain a saccaride. a high molecular weight structural additive, and a buffering component in 
water. The aqueous solution may also contain one or more amino acids. 

Tne recombinant retrovims can also be preserved in a purified form. More specifically, pnor to the 
addition of the formulation buffer, the crude recombinant retrovirus described above may be 
clarified by passing it through a filter, and then concentrated, such as by a cross How concentrating 
system (Filtron Technology Corp., Nonborough, MA). Within one embodiment, DNase is added to 
the concentrate to digest exogenous DNA. The digest is then diafiltrated to remove excess media 
components and establish the recombinant retrovirus in a more desirable buffered solution. The 
diafiltrate is then passed over a Sephadex S-500 gel column and a purified recombinant retrovirus 
is eluted. A sufficient amount of formulation buffer is added to this eluate to reach a desired final 
concentration of the constituents and lo minimally diiute the recombinant retrovirus, and the 
aqueous suspension is then stored, preferably at -70°C or immediately dried. As noted above, the 
formulation buffer :s an aqueous solution that contains a saccharide, a high molecular weight 
structural additive, and a buffering component in water. The aqueous solution may also contain 
one or more amino acids. 



Tne crude recombinant retrovirus can also be purified by ion exchange column chromatography. In 
general, the crude recombinant retrovirus is clarified by passing it through a niter, and the filtrate 
loaded onto a column containing a highly sulfonated cellulose matrix. The recombinant retrovirus 
is eluted from the column in purirled form by using a high salt buffer. The high salt buffer is then 
exchanged for a more desirable buffer by passing the eluate over a molecular exclusion column. A 
sufficient amount of formulation buffer is then added, as discussed above, to the purified 
recombinant retrovirus and the aqueous suspension is either dried immediately or stored, 
preferably at -70°C. 

Tne aqueous suspension in crude or purirled form can be dried by lyophilisation or evaporation at 
ambient temperature. Specifically, lyophilisation involves the steps of cooling the aqueous 
suspension below the glass transition temperature or below the eutectic point temperature of the 
aqueous suspension, and renriovmg water from the cooled suspension by sublimation to form a 
lyophiiised retrovirus. Once lyophilised, the recombinant retrovirus is stable and may be stored at - 
20°C to 25°C, as discussed in more detail below. 



/ithin the evaporative method, water is removed from the aqueous suspension at ambient 
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temperature by evaporation. Waterman also be removed through spray drying. 

The aqueous solutions used for formulation, as previously described, are composed of a 
saccharide, high molecular weight structural additive, a buffering component, and water. The 
solution may also mclude one or more amino acids. The combination of these components act to 
preserve the activity of the recombinant retrovirus upon freezing and lyophilization. ordiying 
through evaporation. 

The high molecular weight simctural additive aids in preventing viral aggregation during freezing 
and provides structural suppon in the lyophilised or dried state. Within the context of the presents- 
invention, structural additives are considered to be of "high molecular weight" if they are greater 
than 5000 m.w. A preferred high molecular weight structural additive is human semm albumin. 
Tht amino acids, if present, function to further preserve viral infectivity upon cooling and thawing 
of the aqueous suspension. In addition, amino acids function to funher preserve viral infectivity 
during sublimation of the cooled aqueous suspension and while in the lyophilised state. 

The buffering component acts to buffer the solution by maintaining a relatively constant pH. .A 
variety of buffers may be used, depending on the pH range desired, preferably between 7.0 and 
7.8. 

Aqueous solutions for the formulation of recombinant retroviruses are described in detail in 
WO-.A2-96121014. 

In addition, it is preferable that the aqueous solution contain a neutral salt which is used :o adjust 
the final formulated recombinant retrovirus lo an appropriate iso-osmotic salt concentration. 

Lyophilized or dehydrated retroviruses may be reconstituted using a variety of substances, but are 
preferably reconstituted using water. In certain instances, dilute salt solutions which bring the final 
formulation to isotonicity may also be used. In addition, it may be advantageous to use aqueous 
solutions containing components known to enhance the activity of the reconstituted retrovir.js. 
Such components include cytokines, such as IL-2, poiycations, such as protamine sulfate, or other 
components which enhance the transduction eft-iciency of the reconstituted retrovirus. Lyophilized 
or dehydrated recombinant retrovirus may be reconstituted with any convenient volume of water or 
Che reconstituting agents that allow substanual, and preferably total solubilization of the 
iyophiiizsa or dehydrated samnie. 
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Recombinant retroviral panicles may be administered to a wide variety of locations including, for 
example, into sites such as an organ or to a site of a tumor. Within other embodiments, the 
recombinant retrovirus may be administered orally, intravenously. buccal/sublinguaK 
intraperiioneally, or subcutaneously. The daily dosage depends upon the exact mode of 
administration, form in which administered, the indication toward which the administration is 
directed, the subject involved and the body weight of the subject involved, and further the 
preference and experience of the physician in charge. 

The routes of administration described herein may be accomplished simply by direct 
administration using a needle, catheter or related device, in particular, within certain embodiments 
of the invention, one or more dosages may be administered directly. 

in one embodiment of the invention the packaging cells will be enclosed in capsules. For an 
effective treatment, the vims producing ceils have to survive long periods in the target organ after 
implantation and virus must be produced during this period and released from the packaging cells. 
Thereby, the packaging cells producing ihe virus would, in effect, constitute a small virus 
producing factory, placed at the site of application. This will allow efficient delivery of the 
recombinant virus in vivo. Alternatively infected normal cells, either of human origin, or those 
originating from other species will be encapsulated and implanted, providing a small prodrug 
conversion factory that can be sited near or in the tumour mass. 

Tne long term effectiviiy of this approach depends on (1) protection of the ceils from the host 
immune system, which would normally eliminate virus producing or infected cells, especially if 
the cells are from a different species as is usually the case for retroviral vector producing cells and . 
(2) survival of the ceils in sim for extended periods, which may require vascuiarisation. 

It has been found that the continuous production of a vector virus from implanted packaging ceils 
can be achieved by the appropriate encapsulation, in microcapsules with semipermeable 
membranes, of the virus producing packaging ceils before implantation. .Additionally, it has been 
found that such capsules become well engrafted in the host, become vascularized, and do not elicit 
a host immune or inflammatory response. These findings, together with the semipermeabiiity of 
the capsule membrane, permits long term retroviral vector delivery in vivo. 
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An encapsulauon technology providing for the encapsulation of v.rus oroducing packaeine c-ls 
and of vtrus infected or non^al cells in a cellulose based rnatenal has been developed. Usm. this 
technique up to 10'° but preferably lO^-lO' cells are encapsulated in electrolvte cornolex 
(e.g. from alginate and polylysine or. more preferably, cellulose sulphate and polvdimerhyi- 
diallylammomum chloride) or other porous structures (such as polyamides. poivsulphones) The 
resulting capsules can have a variable diameter^tween 0.01 and 5 mm. but preferablv 0. 1 and 1 
mm. Consequently, capsules can be made to contain a variable number of cells. The caosule is 
semipermeable wuh pores that are large enough to allow viruses or prodrug molecules "to pass 
through but small enough prevent cells of the immune system from accessing the cells the^ebv 
significantly reducing an immune response to these ceils. The capsules and the encaosulated cells 
are cultivated in a normal cell culture medium (the nature of which defends on the cell line 
encapsulated) a: standard conditions of humidity, temperature and CO: concentration. 

.After a suitable penod in culture (nomially not less than 1 hour and not exceedmg 30 davs) the 
ceil containing capsules can be surgically implanted either directly, or by injection using a synngc 
into various areas. 



At different times after the implantation of the encapsulated cells, the host con be treated wuh 
cyclosphosphamide or ifosfamide either locally or systemically. Cells infected with the ' 
cytochrome P450 expressing vir^is will conven these prodrugs to the active metabolites which 
cause alkylation and cross-linkage of DNA. Also ceils carrying and exnressin. the cvtochrome 
P450 gene (such as encapsulated infected cells, or encapsulated packaein. cells) will also catalvse 
rhis conversion. In one embodiment of this invention these encapsulated infected or oacka-^ma 
cells will be either slowiy dividing cells, or cells that have been treated with mitomvcin C 'low 
doses of radiation, or other means to prevent ceil replication, and thus to prevent the ceils from 
being themselves affected by the cytotoxic effects of the prodrugs. 

rne following examples wii, illustrate the invention .further. Tnese examt^ies are however m no 
way intended to limit the scope of the present invention as obvious modifications will be aooarent 
and still other modifications and substitutions will be apparent to anvone skilled in the ar 
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Exampie 1 

This examples describes the constmcrion of a retrov.ral expression vector for intratumoral 
inrection which contains the gene for rat cytochrome P450 2B1. 

Express,on vector pLX2BI. shown in Figure 1, was constructed by ligation of fragments obtained 
from plasmid pLX125 and pSWl (Kedzie. K. M.. Escobar. G. Y.. Grimm. S. W H- Y A 
Pepperl. D. J., Regan. J. W.. Stevens. J. C. and Halpea. J. R. (1991). J. Biol. Chem^ 266(33"): 
2213-2 ). pLX125 was prepared as described in PCT/EP96/ 04447). 

The plasmid pLX125 was linearized with Hpal and the resulting blunt ends dephosphorvlated 
using calf intestine phosphatase. The DNA was purified by separation on a 1% agarose gel 
excision and preparation using the Qiaquick protocol (Qiagen). After ethanol precipitation the 

DNA was resuspended in water. 

Tne cloning vector pSWl was digested with Smal and KincII to yield two blunt ended fragments. 
The digestion mixture was separated on a 1 % agarose gel. The shonest fragment (1.5kb) 
containing the rat cytochrome P450 2B1 cDNA (Fuji-Kuriyama. Y, Mizukami. Y. e: al (1982) 
Proc. Natl. Acad. Sci. USA 79: 2793-2797) was excised and eluted using the Qiaquick DNA 
extraction protocol ethanol precipitated and resuspended in water. 

7.6 fMols of PLX125 and 24 fMols of the Smal/Hindll-fragment of pSWl were mixed together and 
iigated for 3 days at I2"C using T4.1igase (Boehringer). The ligase was inactivated at 65'C for 10 
mm and the DNA butanoi precipitated with a 10 fold volume of butanol. Tne precioitated DNA 
was resuspended in water and eiec^oporated into DHlOB-bacteria (Gibco). Amt^icillin resistant 
colonies were selected. DNA prepared and test digested wuh SspBI/Sall. BamHI/SspBI. Pvul and 
BamKI. The final correct piasmid was designated pLX2Bl (see Fig 1). 



!-iDofection 



One day before iipofecrion 3x10^ retroviral packaging ceils P.A317 (Miller. D. and Buttimore. 
C. (1986). Mol. Ceil. Biol. 6: 2895-2902) were seeded into 10 cm petn or culture dishes. On the 
day of infection 4 ,g of pLX2B i were mixed with 300.ul serxim free media. In oarailel .5ui of 
Liporectamine (Gibco BRL) was mixed wuh 300.ul serum free media. Tne olasmid containing 
solution was added to the Liporectamine- mix and mcubated for .5min. After 35 min the cells'were 
washed once with 6 ml senim free media. 2.4 ml of semm free media were added to th- 
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lipofeciion-mix and -the resulting Imf'was put onio the prepared cells. After 5 hours 3.5 ml 
Dulbecco's modified Eagles medium containing 20% FCS was added. Tne next day the cells were 
trypsinised and 1:20 diluted and seeded on a 100 mm dish. After 24h the media was replaced with 
medium containing the neomycin analogue G41S. Cell populations were isolated and analysed for 
expression of cytochrome P450. 

Supernatant from these cell populations was used to infect target CK ceils. 1ml of virus containing 
supernatant from 5 x 10^ cells was fjltered through a 0,45um filter and added to 1x10*^ target CK 
cells in the presence of 8|ig/ml polybrene. After 4 hours ml of Dulbecco's Modirled Eagles 
Medium with 10% Foetal Calf Serum was added. 

Cells were trypsinized the next day, diluted and 24 hours later put in selection medium, containing 
additionally 400|ig/mi G418. After 2 weeks G41S resistant colonies were isolated and tested for 
cytochrome P450 2B 1 activity. 2x10*" cells were plated onto a 3 cm dish and exposed to 
concentration of ifosfamide varying between 0 and 5 mM. A higher sensititivity of the cytochrome 
P450 2B1 retrovirus infected cells was observed compared to control, non- infected cells. 

Encapsulation 

Tne retroviral vector producing packaging cells obtained are encapsulated as described in example 
2 in WO 97/01357. 

Implantation 

The capsules obtained are introduced by "key hole" surgery near or in either transplanted or 
spontaneous tumours of BALB/c or OR mice. About six capsules of 1 mm diameter are insened at 
each operation site. The site of surgery is closed by 1 suture. The mice are then treated with 
cyclophosphamide or ifosphamide locally, by direct Intratumoral injection of lOOul of 20 mg/'mi or 
systemic concentrations of 130 mg CP.A/kg body weight i.p. and 40-60 mg IFO/kg body weight i.p. 
for up to a maximum of 10 weeks. During this penod tumour size and macroscopic appearance is 
monitored daily. Tne mice are then sacrificed, the tissue containing the inserted capsules and 
tumour removed, and histological sections for light and electron microscopy prepared. These 
sections clearly show good engraftment of the capsules, vascularisation, and no evidence of the 
presence of lymphocytes indicative of a cellular immune response. These sections also show no 
sign of cell death or necrosis within the capsule. In conu-ast the tumour showed necrosis and 
macroscopicaily there was a clear reduction in size over the test period. 
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- Example 2 

This example describes the consiruction of a stable ceil line which expresses rat cytochrome P450 
2BI constitutiveiy. 

Expression vector pc3/2B 1 was consiructed by ligation of fragments obtained from piasmid 
pcDNA3 flnvitrogen) and pSW] (Kedzie, K. M., Escobar, G. Y., Grimin. S. W., He, Y. A.. 
Pepperl, D. J,, Regaji, J. W., Stevens, J. and Haipert. J. R. (1991). J. Biol. Chem. 266f33): 
2215-21). 

The plasnud pcDNA3 was digested with Xhol/Xbal and the resulting sticky ended fragments 
dephosphorylated usmg caif intestine phosphatase. The DNA of the vector backbone was purified 
by separation on a 1% agarose gel, excision and preparation using the Qiaquick protocoil 
(Qiagen ). .After ethanoi precipitation the DNA was resuspended in water. 

The cloning vector pSWl was digested with Xhol and Xbal to yield two fragments. Tne digestion 
mixture was separated on a 1% agarose gel. Tne shonest fragment (1,5 kb) containing the rat 
cytochrome P450 2B 1 cDNA (Fuji-Kuriyama, Y., Mizukami, Y. et al., (1982), Proc. Natl. Acad. 
Sci. USA 79: 2793-2797) was excised and eluted using the Qiaquick DNA extracdon protocol, 
eihanol precipitated and resuspended in water. 

8,3 fMols of the pcDNA3 backbone and 24,8 fMois of the Xhol/Xbal- fragment of pSWl were 
mixed together and ligated for 1 day at 12^C using T4-iigase (Boehringer). The iigase was 
inactivated at 65°C for 10 min and the DNA butanoi precipitated with a 10 fold volume of buianol. 
Tne precipitated DNA was resuspended in water and electroporated into DHlOB-bacteria (Gibco). 
Ampicillin resistant colonies were selected. DNA prepared and test digested with EcoRI, BamHI, 
EcoRV and XhoL The final correct piasmid was designated pc3/2Bl. 

Lipofection 

Before the day of iransfecrion 3x10^ cat kidney ceils cells were seeded into 100 mm dishes. On the 
day of cransiection 4 ug of pc3/2B 1 was mixed with lOOui serum free media. In paraiiel 15L:i 
Lipofecramine was mixed with lOOui serumfree media. The piasmid containing solution was 
added to the Lipofectamine-mix and incubated for 45 min. After 35 min the cells were washed 
once with 2ml serum free media. SOOul of serum free media were added to the iipofection-mix and 
the resulting Imi was put onto the prepared ceils. After 6 hours Imi DMEM TGlutamax) with I09c 
PCS were added. Tne next day ehe ceils were trypsinised and diluted by factor ten and seeded on a 
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iOOmm dish. After 24h rh** rr,^^- 

■ resist, Clones w„e isCa -d """" » 

.sol.„d and ,„,=d for p,„=„„ and ac.vi,, of ,h= vector. 

Cyochrome P450 expressing car kidney cells showed a .enfold hi,h 
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Exampie 3 

The piasmid pLXl25 was first paniallv digested w,th rh. 

which is Hneanzed at oosition 3^.7 Tnis .'n """"" "^'^^ '° "'^■^ ^ — 

enzyme SspBI to remove a shon -..^ ' / ' ^^^^ --"^^ --'^ restnction 

^^e correctly cut vector fragment 'ao'^ear^ ZZ ^ ^" ^ ''''^^'^^ 

(Qiagen) the DNa in this b'and was "erd a^ -T- '"""^ ^"^^^'^ 

e.utea ana punned rrom the gel. 

To yield the rat cytochrome P450 2B I a»^e c=li, nf • 

with.solution D (4M guanidium thiocv;;. o^- " ^"."^ '"^^^ '>'-^ 

- t.. ..mM soaium citrate pK 7. 0.5%N-laurvisarcosine 
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sodium, 0,1M 2-mercapioethanol) aHd total RNA extracted by adding I/I5 volume of 3M sodium 
acetate, in the same volume of water saturated phenol and 1/5 volume of chloroform/ 
isoamyalcolhol (49:1) were added and the whole mixture mixed vigorously. After 15 min on ice 
the extract was centrifuged 20min at 4°C at lO.OOOg. The RNA in the Aqueous phase was 
precipitated with one volume of isopropanol for 30 mm at -20*'C and centrifuged at lO.OOOg at 
4''C. The pellet was washed in 70% ethanol and left at room temperature for 15 min. After 5 min 
centrifugation at 4°C and lO.OOOg the pellet was dried in a vacuum dryer and redissolved in 0.5% 
SDS solution. 

The exu-acted RNA was reverse transcribed using the protocol for cDNA synthesis (Pharmacia). 
The resulting cDNA was used as template for a PGR. The primers were designed so that they 
contained a SspBI restriction site (underiined) in the left hand primer 

(5'-AAGCCTGTACACTGGAGAGCATGCACo') and a Xhol site (underiined) in the right hand 
pnmer (5'-CGATTACTCGAGACCTGGCTGCCTCA-3'). Both primers had additional bases at 
the 5'-end for higher efrlciency of cleavage by the relevant restriction enzyme. The 1562 bp- 
product was digested with Xhol and SspBI to yield three fragments. 

This longest fragment (1545 bp), containing the gene for cytochrome P450, was ligated into the 
XhoI/SspBI digested plasmid pLX125. 

A stable cell line which expresses rat cytochrome P450 form 2B i constituiively can also be 
prepared as described in example 5 below: 

Example 4 

To yield the mRNA from the rat cytochrome P450 form 2B 1, a four week old female rat was 
sacrified, the liver taken out and immidiately frozen in liquid nitrogen. The frozen liver was put 
into sterilized filtered GTC-buffer (6M guanidium isothiocyanate, 5mM sodium citrate, O.IM 2- 
mercaptoethanol, 0,5% sodium N-laurylsarcosyl) and homogenized at room temperature. For RNA 
seperation the liver extract was put onto a cushion of caesiumchloride (5 JM Cesiumchloride, 
0,1M EDTA) and centrifuged in a swing-out rotor at 20°C and 32.000rpm over night. After 
complete removing the supernatant the pelleted RNA was re-dissolved in ice cold lOmM Tris pH 
7,5 and preciptated overnight at -20*^0 with 1/15 volume 3M sodium acetate and 2.5 volumes 
ethanol. The RNA was spinned down 40min at SOOOrpm and 4°C and the dried pellet resuspended 
in sterile water. 

The extracted RNA was reverse transcribed using the protocol for cDNA synthesis fPharmacia). 
The resulting cDNA was used as a template for the following PGR. The primer were so designed 
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chat they contained a EcoRI restriction sue in the left hand primer 

(5'-CGTGCGGAATTCGGCGGATTCAGCAT-3') and a EcoRVl site in the right hand primer 
(5'-AT.A-ACGGATATCACCTGGCTGCGTCA-3'^. Both pnmers had additional bases at the 5'-end 
for higher efrlciency of the cutting enzyme. The 1588 bp-ampiincate was digested with EcoRI and 
EcoRV to yield three fragments. 

Tnis longest fragment (1572 bp), containing the gene for cytochrome P450 2B 1. was ligated to the 
EcoRI/EcoRV digested plasmid pcDNAS (Invitrogen). 



Example 5 

Construction of a ProCon vector containing the rat cytochrome P450 gene under transcriptional 
control of the WAP promoter. 



Tne extracted RNA prepared in example 4 was reverse transcribed using the protocol for cDNA 
syntesis (Pharmacia). The resulting cDNA is used as a template for a PGR. Tne pnmers are 
designed so that they contain a BamHI restriction site (underiined) in the left hand primer 
e,g 5'-AAGCCGGATCCCTGGAGAGCATGCAC-3') and a BamHI site (underiined) in the right 
hand primer ( e.g 5'-CGATrAGGATCCCTGCCTCA.3 0- Both primers have additional bases at 
the 5 '-end for higher efficiency of cleavage by the relevant restriction enzyme. Tne 1562 bp 
product is digested with BamHI and the fragment obtained containing the gene for cytochrome 
P450 is ligated into the BamHI digested plasmid pWAP.6 ( see PCT application No. 
PCT/EP96/03922). 
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1. A repiication-defecnve retroviral vector carrying a cytochrome P450 gene under 
transcriptional control of targe: ceil specific regulatory elements or promoters, or X-ray inducible 
promoters; 

2. A replication-defective retroviral vector according to claim i, wherein the vector comprises 
a 5' LTR region of the structure u3-R-L;5: one or more sequences selected from coding and non- 
coding sequences; and a 3^ LTR region comprising a completely or panially deleted U3 region 
wherein said deleted U3 region is replaced by a poiylinker sequence containing a target cell 
specirlc regulatory element or promoter, or an X-ray inducible promoter, followed by the R and U5 
region, characterized in that at least one of the coding sequences codes for cytochrome P450. 

3. A replication-defective retroviral vector according to claims 1 to 2. wherein the target cell 
specific regulatory element or promoter is selected from one or more elements of the group 
consisting of W.AP, MMTV, b-iactogiobulin and casein specific regulatory elements and 
promoters, pancreas specific regulatory elements and promoters including carbonic anhydrase II 
and b-giucokinase regulatory elements and promoters, lymphocyte specific regulatory elements 
and promoters including immunoglobulin and MMTV' lymphocytic specific regulatory elements 
and promoters and MMTV specific regulatory elements and promoters conferring responsiveness 
to glucoconicoid hormones or directing expression to the mammary gland. 

4. A replication-defective retroviral vector according to claims 1 to 3, wherein said LTR 
regions are selected from at leas: one element of the group consisting of LTR's of MLV. MMTV. 
MSV. SIV, HIV, HTLV, nv, FeLV, BLV and MPMV. 

5. A replication-defective retroviral vector according to claims 1 to 4. wherein said retroviral 
vector is based on a BAG vector, or a pLXSN vector. 

6. A repiication-defeciive retroviral vector according to claim 5, wherein said retroviral vector 
is pLX2B i prepared as described in example 1. 

A repiication-derect:ve retroviral vector according to claim 5, wherein said retroviral vector 
is pc3/2B 1 prepared as described in example 2. 
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8. A replication-defective reirovtrai vector according to claims 1 to 5, wherein the retroviral 
sequences involved in integration of the retrovirus are altered or at least panially deleted. 

9. A replication-defective retroviral vector according to claim 1 , wherem said regulatory 
elements or pronnoters are reguiatabie by transacting molecules. 

10. A packaging cell line transfected with a replication-defective retroviral vector according to 
claims 1 to 9, said packaging cell line harbouring at least one retroviral or recombinant retroviral 
construct coding for the proteins required for said retroviral vector to be packaged. 

11. A packaging cell line according to claim 10 wherein the packaging cell line is of rodent, 
canine, feline or human origin, and is histocompatible with human tissue. 

12. A packaging cell iine according to claim 10, where the packaging cell line is selected from 
the group consisting of psi-2, psi-Crypt, psi-AM, GP+E-86, PA317 and GP+envAM-12. 

13. A recombinant retroviral particle produced by culturing a packaging cell line according to 
claims 10 to 12 under suitable conditions optionally followed by isolation of the recombinant 
retroviral particle produced. 

14. A pharmaceutical composition comprising a recombinant retroviral panicle according to 
claim 13. 

15. A pharmaceutical composition comprising a packaging cell line according to claims 10 to 
12. 

16. A packaging ceil iine according to claims 10 to 12 which is encaosulated in a oorous 
membrane which is permeable to the recombinant retroviral panicles produced by said packaging 
cell line. 

17. A packaging ceil line according to claim 16 which is encapsulated in a complex formed 
from cellulose sulphate and polydimethyldiallylammonium. 

18. A method for the ablation of tumour cells comprising administering to a subject in need 
•hereof, a therapeutically effective amount of a recombinant retroviral oanicie accordins to claim 
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13, a packaging ceil line according lo-ciainis 10 to 12, or encapsulated packaging cells according 
to claims 16 to 17 and, either simuiianeously or with a time span, a cancer prodrug which are 
activated by cytochrome P450, 

19. A method according to claim 18 wherein the tumour cells are cells of breast tumours, or 
pancreatic tumours. 

20. A method according to claim 18 wherein the cancer prodrug is cyclophosphamide, or 
ifosfamide. 

21. A method according to claims 18 to 20 wherein the recombinant retroviral panicle, the 
packaging cell line, or the encapsulated packaging cell line is administered by injection, or by 
implantation into the tumour, or at the site of the tumour and the cancer prodrug is administered 
systemically, or locally. 

22. The use of a recombinant retroviral panicle according to claim 13, a packaging cell line 
according to claims 10 to 12, or encapsulated packaging cells according to claims 16 to 17 for the 
preparation of a pharmaceutical composition useful for the ablation of tumour ceils. 

22. A retroviral provirus integrated in the human genome carrying a cytochrome P450 gene 
"under transcriptional control of a target cell specific regulatory element or promoter, or an X-ray 
inducible promoter. 



23. A human cell containing a cytochrome P450 gene under u^scriptional control of a target 
cell specific regulatory element or promoter, or an X-ray inducible promoter. 



